Metabolic syndrome (MetS), also termed insulin resistance syndrome, has been defined by World Health Organization (WHO) as a multi-factorial disorder characterized by a wide array of cardiometabolic risk factors that increase the risk of coronary heart diseases, diabetes mellitus, and stroke [1, 2] . The most common risk factors of MetS include dyslipidemia, abdominal obesity, insulin resistance, high systolic blood pressure, high triglyceride levels, impaired fasting glycaemia, low plasma adiponectin levels, and low high-density lipoprotein (HDL). However, it remains debatable whether these factors constitute a particular syndrome or are surrogate markers for MetS clustering in individuals at particular risk [1] .
The pathogenesis of MetS involves both primary and secondary factors. The key pathogenic factors of MetS include systemic oxidative stress and dietary methyl consumer-induced methyl depletion. On the other hand, high fat and alcohol intake, stressors, decreased skin function, and low vegetable intake have been considered secondary factors. All of these factors result from methyl supply-intake imbalance and oxidative injury [11] . As a result, genetic alterations caused by diet or other factors may be a target for inducing novel therapeutic strategies for modulating the progression to MetS using dietary manipulation such as supplementation with methyl-donor nutrients. This raises the question of whether these supplements could have a beneficial effect on MetS and its components in humans.
A large number of randomized control trials (RCTs) have focused on the effect of folate supplementation on MetS components in humans. They have mostly targeted adults. However, RCTs examining the effect of other supplements are limited. A systematic review and meta-analysis of 13 RCTs reported no significant effect for folate supplementation over a placebo on the lipid profile (triglycerides, total cholesterol, and systolic and diastolic blood pressure) in patients with metabolic diseases [12] . A recent systematic review and meta-analysis of 29 RCTs showed that folate supplementation alone compared to placebo (folate combination with other B vitamins) reduced the homeostasis model assessment for insulin resistance (HOMA-IR) and fasting insulin, but no effect was observed on glycated hemoglobin (HbA1c) and fasting glucose. The pool effect reported a positive correlation between absolute decreases in homocysteine concentrations and absolute decreases in HbA1c and fasting glucose concentrations after folate supplementation [13] .
The most recent Cochrane review of 15 RCTs examined whether homocysteine-lowering interventions lowered the risk of cardiovascular diseases (CVD) among 71,422 adults with e.g., hypertension, low levels of high density lipoprotein (HDL) or high total cholesterol, and without established CVD. The study showed no effect of interventions from testing vitamins B9/folic acid, B6, or B12 supplements alone or in combination compared with placebo for preventing CVD [14] . A randomized double-blinded, placebo-controlled trial reported reduction in fasting glucose levels, insulin response to oral glucose, and intrahepatic triglyceride levels among adults with obesity and prediabetes (21-70 years) after supplementation with betaine (3300 mg twice daily for 10 days, followed 4950 mg twice daily for 12 weeks) compared to a placebo. However, no effect was observed on HbA1c and insulin sensitivity was not improved after betaine treatment compared to a placebo [15] .
In conclusion, supplementation with folate might be beneficial for reducing insulin resistance and fasting insulin, but folate alone or in combination with vitamins B6 and B12 supplements had no effect on HbA1c, fasting glucose, total cholesterol, triglycerides, low HDL, and systolic and diastolic blood pressure. A low plasma homocysteine concentration has been associated with reduced HbA1c and fasting glucose concentrations after folate supplementation. Betaine supplementation resulted in lowering triglyceride and fasting glucose levels, but had no effect on insulin sensitivity and HbA1c.
Further RCTs regarding the effects of single or multi-methyl donor nutrient supplementation on MetS components in children and adults are needed. Gaining a better understanding of epigenetic regulation of gene expression in MetS would be useful to guide future RCTs for nutritional interventions based on methyl-donor supplements that may alter the epigenetic marks of genes, thereby modulating the progression of MetS.
